In the calf eye lens, four morphologically distinct cell types can be detected: three in the epithelial monolayer and one in the cortical part. During differentiation, there is a quantitative change in the synthesis of crystallin subunits. A marked increase in aA-chains and several fl-crystallin polypeptides accompanies the transition from epithelial to fiberlike lens cells while synthesis of the noncrystallin proteins diminishes significantly.
The lens of the mammalian eye has been explored for study of the typical structural proteins, the crystaUins (15, 17, 21, 16, 12, 1) , and recently for the investigation of membrane proteins and their biosynthesis (4, 22, 19, 20) . The protein biosynthetic events in the lens cortex which contains the bulk of the terminally differentiated fiber cells has been studied intensively (6) . However, the question as to which crystallin polypeptide chains are synthesized in the epithelial monolayer has not been answered unequivocally. It would be extremely important to have the answer to this question in order to fruitfully investigate fundamental processes such as regulatory mechanisms in differentiation. Studies have been undertaken to establish the protein pattern of lens epithelia. Papaconstantinou (14) and Van Venrooij et al. (18) claimed the presence of c~-and fl-crystali~ns in the lens epithelium; on the other hand, according to Papaconstantinou, v-crystallin could only be found in lens fibers. The latter finding should, therefore, reflect an aspect of cellular differentiation in the lens. Biosynthesis of a-crystallin in the epithelium has been reported by Delcour and Papaconstantinou (9) . In our opinion, in all investigations undertaken so far, contamination of the epithelial preparations with fibers could not be excluded. This is due to the fact that epithelial cells were defined as those cells that adhered to the lens capsule when it was removed from the organ. However, no evidence was provided that fiber cells were completely removed.
In this paper, we describe a study of the synthesis of crystallins in the eye lens epithelium. Microscope observation revealed the absence of fiber cells in our preparations. Evidence is provided that the Bz chain of a-crystallin is preferentially synthesized in a defined part of the lens epithelium.
MATERIALS AND METHODS

L-[asS]
Methionine (sp act 180 Ci/p.mol was purchased from the Radiochemical Centre (Amersham, England).
Tissue Preparation
Calf eyes were obtained on ice from the slaughterhouse. They were washed w!th distilled water and opened at the lateral side, so that the lenses could be removed without adhering iris material. For microscope examination, the epithelia were spread on a microscope slide, as described in Results. The preparations were then fixed in OsO4 vapor for 3 min and stained according to Giemsa for 30 min (11) . 
Labeling of Lens Epithelial Cells
Epithelial cells were labeled for 15 h with L-[asS]methionine in labeling medium (Hanks' basic salt solution supplemented with 10% dialyzed calf serum and amino acids except for methionine). For each incubation, the epithelial cells from ten capsules were used. A maximum of 20% of the added [asS]methionine was incorporated into cellular protein.
Polyacrylamide Gel Electrophoresis
Analyses were performed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis according to Laemmli (13) , with the modification that a gel slab instead of gel rods was used. The gel was 12 cm long and contained 13% aerylamide, 0.4% methylene-bisacrylamide, and 0.1% SDS. In this method, a stacking gel was applied. The radioactive samples contained about 10,000 cpm. Staining and destaining were performed as described by Weber and Osborn (23) . Gels were processed for autoradiography. For the detection of the labeled proteins the procedure of Bonner ano Laskey (7) was used in combination with the drying procedure described by Berns and Bloemendal (2) .
Two-Dimensional Electrophoresis
An electrophoretic run was performed in the first direction on polyacrylamide gels containing 6 M urea VERMORKEN ET ALo Crystallin Synthesis in Calf Lens Epithelia 177 FIGURE 2 c Flat mount of calf lens epithelium showing short fiber cells adhering to the lens capsule.
in 13-cm tubes as described by Bloemendal (3). Thereafter, the gel was sliced longitudinally with an apparatus described by Berns and Bloemendal (2) . The inner slice was used as sample gel for the run in the second dimension on an SDS polyacrylamide gel. This slice was kept in position by pouring a stacking gel solution (5% acrylamide) on top of the gel slab.
R E S U L T S
To investigate whether elongating fibers adhere to and contaminate the epithelial preparations, the collagenous capsule of the lens was opened at the postequatorial region by means of a few radial incisions. Then, the anterior part of the capsule was spread on a microscope slide. Microscope examination reveals four morphologically distinct types of ceils showing different size and arrangement (Fig. 1 a) . Type 1 cells are located in the center of the lens epithelium and consist of relatively large polygonal cells (Figs. 2a and  l b) . Type 2 cells, consisting of much smaller epithelial cells, are found in a ring around this central part of the epithelium (Fig. 2a) . Most striking is the very regular arrangement, and the relatively large size of the cell nuclei in the area close to the elongation zone (type 3, Figs. 2b and lc). Fig. 2c shows fiberlike cells of the elongation zone (type 4). Although these fiberlike cells are relatively short, they are definitely not epithelial cells. The occurrence of these cells in the preparation demonstrates that the epithelium cannot be removed from the lens free from fibers merely by removing the capsule. About 9 mm of the inner part of the epithelium was isolated by careful cutting with scissors. These preparations containing cells of type 1 are fiber-free but are occasionally contaminated with cell type 2. Incubation of this part of the epithelium with [aSS]methionine followed by electrophoretic analysis of the newly synthesized polypeptides reveals a pattern which is quite different from that obtained after incubation of the combined cell types 2, 3, and 4 ( Fig. 3) . In the crystallin region of the electrophoretic pattern of the central lens epithelium, label is present where The two electropherograms have been "normalized" by application of an amount of radioactivity so that the number of counts in the aB2-spots are virtually equal. Cutting out of the radioactive aA2 and aB2 spots from the electropherogram followed by liquid scintillation counting reveals a ratio of 1:3 for the central lens epithelium and 3:2 for the combined zones 2, 3, and 4, respectively.
That the radioactivity in the low molecular weight region is indeed due to a-crystallin chains is demonstrated by two-dimensional coelectrophoresis of the newly synthesized polypeptides and a mixture of isolated unlabeled a-crystallin polypeptides and flBp (compare Fig. 5a and b with Fig. 5c ). It can be seen that radioactivity and Coomassie Blue staining coincide. This means that the polypeptides synthesized de novo and the native chains have both identical net charges and identical molecular weights.
DISCUSSION
The problem concerning the synthesis of crystallins in lens epithelium is interesting since, during the processes of differentiation and aging, changes in their subunit composition and physical properties occur (6) . Moreover, it has been shown that a-crystallin is intimately bound to the lens fiber membranes (4, 8) , whereas epithelial membranes seem to contain much less t~-crystallin (22) . Our present results show that the B2 chain of a-crystallin is preferentially synthesized in a defined region of the lens epithelium.
Delcour and Papaconstantinou (10) reported a change in stoichiometry of the As and B2 chains of a-crystallin during differentiation from 2:1 (in epithelium) to 3:1 (in fibers). Our results with "fractionated" epithelia demonstrate that in the earliest stage of a-crystallin synthesis the ratio of A2 to B~ is 1:3. Increased synthesis of A2 chains occurs in the region close to or in the elongation zone. Futhermore, our findings demonstrate that the onset of fiber differentiation is also accompanied by the formation of the /3-crystallin chains Bla, Bs, and Bp.
In conclusion, it can be stated that lenticular cell differentiation is paralleled by sequential changes in polypeptide synthesis. Since we were able to "separate" different areas of the calf lens epithelium and have observed different activities in these areas with respect to the synthesis of aand/3-crystallin subunits, promising avenues for further research have been opened. In view of our observations, the previously reported absence of a-crystallin in epithelial plasma membranes cannot be explained by the absence of t~-crystallin synthesis, since we clearly demonstrated that aA and aB chain formation does take place in this part of the lens. Therefore, the absence of a-crystallin has either to be ascribed to intrinsic properties of the epithelial membranes resulting in a different binding capacity or, alternatively, to a difference between the "older" a-crystallin in the fibers and the "younger" c~-crystallin in the epithelium. The latter interpretation would be in agreement with experiments of Bracchi et al. (8) . Received for publication 7 March 1977 , and in revised form 5 July 1977. 
